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PREFACE 


In  September  of  1959t  a  group  of  teste  known  as  the  Salton- 
Sea  Meteorological  Instrumentation  Test  Series  were  conducted 
by  the  Sandia  Corporation,  Albuquerque,  New  Mexico,  through  the 
joint  cooperation  of  the  U.  S.  Navy  (Bureau  of  Weapons),  U.  S. 

Weather  Bureau  (Instruments  Engineering  Division),  U.  S.  Army 
(USAELRDL)  and  the  Air  Force  Cambridge  Research  Laboratories, 

(at  that  time  Air  Force  Cambridge  Research  Center).  This  test 
series  was  conducted  to  determine  the  accuracy  of  meteorological 
equipment  used  to  gather  upper  air  data.  The  equipment  tested 
included  the  AN/GMD- 2,  SMD-IA,  AN/GMD-IB,  and  the  WBRT-57. 
The  standard  for  comparison  was  a  four- station  phototheodolite 
network  operated  by  the  Sandia  Corporation. 

The  reader  is  encouraged  to  familiarize  himself  with  Research 
Report  SC-4521(RR),  TID  4500  (15th  Ed.  ),  Instruments,  entitled 
Salton  Sea  Meteorological  Teat  Series  available  from  the  Office  of 
Technical  Services,  Department  of  Commerce,  Washington  25,  D.  C.  , 
(Price  $2.  75).  The  data  presented  in  this  report  is  an  extension  of 
and  is  based  on,  the  results  presented  in  the  reference  report. 
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ABSTRACT 


The  result!  of  the  Salton  Sea  Meteorological  Instrumenta¬ 
tion  Test  Series  (MITS)  are  analyzed  and  extended  to  include 
root  mean  square  errors  in  the  wind  speed,  range,  elevation 
and  azimuth  angles,  as  measured  by  the  AN/GMD-2  Rawin  Set, 
for  a  series  of  representative  flights.  Criteria  are  presented 
as  guidelines  for  conducting  additional  field  tests  in  order  that 
such  tests  will  generate  sufficient  data  to  permit  the  determin¬ 
ation  of  rms  wind  errors  to  a  higher  degree  of  confidence  and 
accuracy  than  that  which  is  currently  attainable.  An  effort  is 
made  to  categorize  the  wind  errors  derived,  on  the  basis  of 
established  errors  in  the  altitude,  slant  range,  azimuth  and 
elevation  angles. 


1.  0  Introduction 


The  Salton  Sea  Meteorological  Instrumentation  Test  Series 
(Sept.  1959)1  was  a  group  of  eleven  (11)  carefully  conducted  field 
tests  designed  to  compare  the  relative  altitude  determining  capa¬ 
bilities  of  the  AN/GMD-2,  AN/GMD-IB,  SMD-IA  and  WBRT-57 
Rawin  Sets.  The  standard  for  comparison  was  a  four  station  photo¬ 
theodolite  of  the  Askania  type  operated  by  the  Sandia  Corporation. 

The  results  of  this  test  series  (see  Reference  1)  produced  data  on 
the  mean  errors  in  altitude,  mean  and  root-mean- square  (rms) 
errors  in  elevation  angle,  azimuth  angle,  and  slant  range  for  each 
set.  No  effort  was  made  to  determine  the  errors  in  the  wind  vector 
at  that  time.  Although  the  Salton  Sea  Test  Series  included  eleven 
flights,  (each  fully  instrumented  with  several  radiosondes)  examin¬ 
ation  of  the  flight  data  showed  that  only  four  flights  were  sufficiently 
trouble-free  to  justify  a  detailed  analysis  for  the  GMD-2  wind  errors. 
These  four  flights  were  MITS  4,  5,  7,  and  8,  and  are  the  same 
flights  selected  for  analysis  in  the  Sandia  Report. 

1.  1  Program  Objectives 

The  data  analysis  presented  in  this  report  is  an  extension  of 
the  analysis  given  in  the  Sandia  Report.  One  objective  of  this 
analysis  is  to  obtain  the  value  of  the  rms  errors  in  the  wind  vec¬ 
tor  as  determined  by  the  GMD-2  Rawin  Set.  Another  objective 
is  to  determine  the  rms  errors  in  the  equipment  parameters 
(elevation  angle,  azimuth  angle  and  slant  range)  for  each  of  the 
tests.  These  errors  are  derived  for  range  increments  of  20,000 
feet,  in  order  to  permit  a  more  detailed  analysis  of  the  errors 
than  is  possible  if  the  errors  are  summated  for  the  entire  test. 

The  errors  are  examined  for  clues  which  might  reflect  a  method 
for  classifying  the  magnitude  of  an  rms  error  associated  with  a 
particular  wind  vector.  Lastly,  the  requirements  for  additional 
tests  are  examined  and  guidelines  are  established  which  will  in- 
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•ure  that  future  tests  are  designed  so  as  to  provide  the  data  re¬ 
quired  for  a  better  knowledge  of  the  GMD-2  errors. 

1.  2  Method  of  Attack 

The  method  of  attack  requires  that  the  analysis  originate  with 
an  examination  of  the  raw  test  data  as  printed  out  by  the  GMD-2, 
followed  by  a  correlation  with  the  phototheodolite  measurements 
on  a  minute -to-minute  basis.  The  raw  data  from  the  GMD-2  was 
first  checked  for  obvious  transcription  errors,  and  these  are  pre¬ 
sented  in  an  errata  sheet  in  the  appendix  to  this  report.  The  photo¬ 
theodolite  computations  which  were  done  by  digital  computer  were 
not  verified  since  the  raw  data  for  this  was  not  available.  How¬ 
ever,  since  the  entire  phototheodolite  output  was  handled  by  com¬ 
puter,  it  may  be  assumed  that  the  number  of  computational  errors 
in  this  data  are  small.  The  deviations  from  the  phototheodolite 
data  were  determined  for  each  one-minute  interval  for  elevation 
and  azimuth  angle,  and  for  slant  range.  The  velocity  of  the  bal¬ 
loon  was  then  determined  on  a  one -minute  basis  for  the  phototheo¬ 
dolite  and  GMD-2  by  the  procedures  set  forth  in  Section  2.  0  of 
this  report.  Mean  errors  for  the  angles  and  range  were  then 
computed,  as  well  as  the  rms  deviation  from  the  mean.  Finally, 
the  rms  wind  error  was  computed.  In  every  case,  the  computa¬ 
tions  were  carried  out  for  range  increments  of  20,000  feet,  and 
also  for  the  entire  range  of  the  test.  Grouping  the  errors  in  these 
20,000  foot  range  increments  permits  the  errors  for  a  particular 
test  to  be  more  closely  correlated  with  other  variables.  The  sub¬ 
jective  nature  of  the  end  points  of  the  test  are  also  isolated,  if 
the  errors  are  grouped.  Normally  the  operator  releases  the  bal¬ 
loon  at  some  arbitrary  moment,  and  the  first  two  to  four  minutes 
of  operation  are  utilized  to  insure  that  the  antenna  has  "locked-on.  " 
During  these  initial  moments  the  errors  are  abnormally  large  and 
are  generally  discarded  in  reducing  the  data  for  operational  use. 
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In  terminating  the  teste,  an  operator  deduces  that  the  balloon  has 
burst  and  ends  the  test.  The  last  few  position  values  therefore 
usually  reflect  very  large  errors,  depending  on  the  acuity  of  the 
operator  and  his  ability  to  end  the  test.  In  order  that  these  end 
point  errors,  which  are  generally  many  times  the  running  error, 
not  influence  the  results,  the  initial  3>5  minutes  of  all  tests  are 
discarded.  By  similar  argument,  the  last  2-3  readings  are  also 
discarded. 

1.  2.  1  Review  of  the  Salton  Sea  Program 

As  pointed  out  earlier  in  this  report,  the  Sandia  Report 
produced  comparative  data  on  the  altitude -determining 
capabilities  of  the  various  Rawin  Sets.  To  do  this,  the 
actual  values  of  elevation  angle,  azimuth  angle,  and 
slant  range  were  tabulated  for  one-minute  intervals  for 
the  GMD-2,  togetner  with  the  coordinate  data  for  the 
balloon  as  determined  by  the  phototheodolite.  The  photo¬ 
theodolite  data  was  transformed  by  digital  computer  from 
X,  y,  z  coordinates  to  slant  range,  elevation  angle  and 
azimuth  angle,  in  order  to  facilitate  the  point-to-point 
comparison.  The  data  obtained  in  printed  form  from 
the  GMD-2  was  transcribed  into  a  form  suitable  for  ana¬ 
lysis.  In  addition,  notations  were  made  on  the  GMD-2 
raw  data  as  it  was  obtained  in  the  field,  to  indicate  op¬ 
erational  difficulaties  as  they  occured.  (One  such  diffi¬ 
culty  is  the  occasional  loss  of  signal,  and  the  tendency 
for  the  system  to  "relock"  on  the  sonde  with  a  6,000 
foot  range  error.  This  error  is  due  to  an  ambiguity 
in  the  GMD-2  range  determining  system,  and  is  readily 
identified  by  the  operator. ) 

In  order  to  extend  the  results  of  the  Sandia  Report,  it 
was  first  necessary  to  examine  the  raw  data  and  all  sub- 
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sequent  transcriptions,  for  gross  errors.  Analysis 
of  the  transcribed  data  for  thr  four  tests  used  (MITS 
4,  5,  7  and  8)  did  produce  several  rather  significant 
transcription  errors.  One  large  discrepancy  in  the 
reduced  data  was  attributed  to  the  failure  of  the  analy- 
ist  to  heed  the  operators  notation  of  a  6,000  foot  shift 
in  the  slant  range  on  the  raw  data.  Lastly,  a  few  errors 
were  attributed  to  simple  arithmetic  errors.  All  data 
errors  in  the  Sandia  Report  turned  up  by  this  analysis 
are  summarized  in  the  Sandia  Report  Errata  in  the  ap¬ 
pendix  to  this  report.  This  is  not  to  imply  that  the 
analysis  presented  in  this  report  are  entirely  free  from 
error. 

1.  2.  2  Limitations  of  the  Analysis 

The  data  produced  on  the  GMO-2  wind  errors  by  the 
analysis  in  this  report  is  based  on  a  series  of  four  (4) 
flights  in  which  the  actual  upper  winds  seldom  exceed¬ 
ed  20  meters/sec.  (45  mph.  )  In  addition,  slant  ranges 
seldom  exceeded  120,000  feet,  due  to  the  limitations  of 
the  phototheodolite  system.  .  Lastly,  the  data  was  ob¬ 
tained  on  a  single  GMD-2  Rawin  Set,  operated  by  skill¬ 
ed  technicians  with  the  objective  of  obtaining  the  best 
possible  results.  The  results  obtained,  therefore,  do 
not  statistically  represent  the  performance  capabilities 
of  a  GMD-2  under  typical  "operational"  use.  Further¬ 
more,  the  flight  conditions  were  not  particularly  chosen 
to  test  the  equipment  under  extreme  conditions,  i.  e.  , 
in  strong  winds,  low  elevation  angles,  or  long  ranges. 

The  data  does  reflect,  however,  the  magnitude  of  the 
various  errors  of  a  production  model  GMD-2  when  pro¬ 
perly  adjusted  and  operated,  under  typically  ideal  con¬ 
ditions,  as  determined  from  a  carefully  controlled  and 
properly  instrumented  field  evaluation. 
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2.  0  Technical  Diicuaaion, 

The  computational  methods  employed  for  reducing  a  data  are 
presented  in  this  section. 

2.  1  Method  of  computing  mean  errors  and  rms  deviation  from  the 
mean,  in  slant  range,  azimuth  angles,  and  elevation  angles. 

The  phototheodolite  readings  were  reduced  to  "time"  read¬ 
ings  of  slant  range,  aximuth  angle,  and  elevation  angle  for  each 
Rawin  Set  location  by  means  of  a  digital  computer.  ^  The  error  in 
the  theodolite  derived  points  was  considered  by  Sandia  to  be  less 
than  3  feet  per  10,000  feet  of  average  distance  to  the  theodolite. 

In  terms  of  angular  error  this  corresponds  to  0.  018*  if  the  error 
is  perpendicular  to  the  line  of  sight;  or  .  03%  of  the  average  slant 
range  if  the  error  lies  along  the  line  of  sight  from  the  GMD-2  to 
the  AMQ-9. 

The  error  for  each  of  the  above  mentioned  parameters  is  deter¬ 
mined  for  each  data  point  by  subtracting  the  "true"  reading  from 
the  reading  of  the  GMD-2.  The  mean  errors  are  then  calculated 
from  the  following  equation. 

i  =  N 

i  =  n 

Where  E  =  the  mean  value  over  the  range  from  n  to  N 
including  the  end  point. 

G^  =  the  GMD-2  data  point  for  the  ith  minute 
T^  =  the  theodolite  data  point  for  the  i  th  minute 
The  rms  deviation  from  the  mean  is  calculated  from  the  follow¬ 
ing  equation: 


^This  work  was  done  at  Sandia  Corporation  and  is  presented 
in  the  Sandia  Report. 
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i  =  N  1/2 

=  [N-rTT-i  X]  J 


(Eq.  2) 


1  =  n 

using  the  same  notation  as  above  in  Eq.  1.  Although  the  GMD-2 
prints  out  slant  range  in  yards,  this  data  was  converted  to  feet 
in  the  Sandia  Report.  All  of  the  angle  data  was  calculated  in  de¬ 
grees  to  the  nearest  hundredth  of  a  degree. 

2.  2  Method  of  Computing  Wind  Errors 

The  wind  velocity  is  usually  computed  from  Rawin  Set  data 
in  the  form  of  "X"  &  "Y"  velocity  components,  where 


Vxn  =• 


1 

r  Cos  E  Cos  A 

r  Cos  E  Cos  A 

Tn+ 1  ■  Tn-  1 

1  +  Sin  E 

1  +  ^  Sin  E 

^  R 

* 

n-1 

(Eq.  3) 


=  X  component  of  velocity  computed  for  the  n'th  data  point. 
Tn+l  =  The  time  at  the  data  point  after  the  one  in  question, 
r  =  Slant  range 
E  =  elevation  angle 
A  =  azimuth  angle 
R  =  radius  of  the  earth 

=  This  notation  is  used  to  indicate  that  the  preceding 


n+  1 


data  is  evaluated  for  the  data  point  just  after  the  one 
in  question. 


The  "Y"  component  of  velocity  is  computed  with  a  similar  equa¬ 
tion  where  the  only  difference  is  that  the  Sin  A  is  used  in  place 
of  Cos  A  of  Eq.  3. 

In  evaluation  of  the  wind  error  the  components  of  the  wind  velo¬ 
city  were  computed  for  the  GMD-2  readings  and  for  the  theodo¬ 
lite  data.  The  component  wind  errors  were  then  obtained  from 
the  following  equation. 

'  (Eq  4) 


=  Vxg  -  Vjjj 


in 


where  =  the  wind  velocity  error  in  the  X  direction 
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Vxg  =  the  wind  velocity  fur  the  n'th  data  point  for  the 
GMD-2  in  the  X  direction 

Vxt  =  the  wind  velocity  for  the  n'th  data  point  for  the  theo¬ 
dolite  in  the  X  direction 

Similarly  the  "Y"  component  wind  errors  are  computed  from  Eq.  5. 

^^y=^yg-^yth  (Eq.  5) 

Finally  the  vector  wind  error  is  defined  by  Eq,  6. 


n 


(Eq.  6) 


where  AV  is  the  vector  wind  velocity  error  for  the  n'th  data  point. 


The  rms  vector  wind  velocity  error  is  given  by  Eq,  7. 

i  =  N  -^1/2 

2  ...  2 


Av  = 


N  -  n  +  1  / _ , 


AV. 


XI 


+  AV 


(Eq.  7) 


i  =  n 

Where  =  the  rms  wind  vector  error  for  the  n'th  through  the 
N'th  data  point. 


With  reference  to  Eq.  3  for  the  component  wind  velocity,  this 
equation  includes  a  correction  for  the  curvature  of  the  earth. 

The  correcting  term  is  —  Sin  E  in  the  denominator.  In  these 

X\ 

tests  the  maximum  value  of  r  is  about  10^  feet,  R  is  about 
2x10^  and  in  the  worst  case  where  E  =  90*,  Sin  E  =  1.  Thus 
the  effect  of  the  correction  is  to  reduce  the  numerator  term  by 
5x10*^  or  1/2%  in  the  worst  case.  This  correction  term  is 
made  on  both  the  GMD-2  data  and  the  theodolite  data.  If  the 
numerator  of  the  GMD-2  is  the  same  as  that  of  the  theodolite, 
the  wind  velocity  error  is  zero  whether  or  not  the  correction 
is  used.  In  fact,  if  the  curvature  of  the  earth  term  is  omitted 
entirely,  the  maximum  error  in  the  velocity  error  term  is  about 
1/2%  of  that  term,  which  is  certainly  insignificant.  This  term 
was  therefore  omitted  and  the  actual  equation  used  is  shown  below: 

=  2.54  10"^  [r  Cos  E  Sin  aI^+j  -  r  Cos  E  Sin  A^.J  (Eq.  8) 
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Where  =  X  component  of  velocity  computed  for  the  n'th 

data  point  without  curvature  correction  in  meters 
per  eecond 

r  =  slant  range  in  feet 
E  =  elevation  angle  in  degrees 
A  =  azimuth  angle  in  degrees 

Data  for  the  n'th  minute  is  taken  from  the  minute 
before  and  the  minute  after  the  desired  point.  Thus 
this  is  a  two  minute  average. 

2.  3  General  Comments  on  Methods 

It  is  possible  to  arrive  at  an  approximation  of  the  wind  ve¬ 
locity  error  without  doing  a  detailed  calculation  of  the  individual 
wind  velocity  components.  The  exact  form  of  the  approximation 
depends  on  the  assumptions  used.  A  rather  detailed  analysis  of 
the  wind  velocity  error  as  a  function  of  the  random  errors  in 
elevation  angle,  aximuth  angle,  slant  range  and  mean  ascent 
rate,  is  given  in  Ref.  2. 

An  approximation  of  the  wind  velocity  error  can  be  obtained 
through  differentiation  of  an  equation  for  the  component  wind 
velocity  of  the  form  of  Eq.  8. 

dVjj  =  2.  54x10”^  [CosE  SinA  dr  -  rSinE  SinA  dE  +  rCosE  CosA  dA) 

(Eq.  9) 

dV  =  2.  54x10’^  [CosE  SinA  dr  -  rSinE  SinA  d£  4  rCosE  SinA  dA) 

^  (Eq.  10) 

where  dE  and  dA  are  expressed  in  radians  and  dr  is  feet, 

and,  where  dV,^  and  dV^  are  the  component  errors  in  velocity 

due  to  slant  range  error  difference  dS,  elevation  angle  error 

difference  dE,  and  azimuth  error  difference  dA. 

From  Eq.  6  the  vector  velocity  error  is 

dV=  +  dVy^  (Eq.  11) 

If  Eq.  9  and  Eq.  10  are  combined  in  Eq.  11  the  following  re- 
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suit  is  obtained. 


dV  =2.  54x10-3  j(dr)2Cos2E+(dE)2r2sin2E+(dA)2r2co82E+2rdrdESinE  CosE 

(Eq.  12) 

The  wind  velocity  error  as  expressed  in  Eq.  12  is  the  error  for  a 
single  computed  point  in  terms  of  the  error  differences  between 
the  two  points  used  in  the  calculation. 

To  determine  the  rms  error  these  individual  errors  must 
be  squared  and  averaged.  If  we  assume  that  the  error  differ¬ 
ences  in  slant  range,  elevation  angle,  and  azimuth  angle  are 
independent  of  the  magnitude  of  range,  azimuth  angle  and  eleva¬ 
tion  angle,  i.e.  ,  they  are  truly  random.  And  if  we  use  mean 
values  of  elevation  angle,  azimuth  angle  and  slant  range  we 
can  use  the  above  expression  for  the  rms  error. 

One  further  approximation  must  be  made  which  concerns 
the  correlation  of  the  errors  at  a  given  time  to  the  errors  two 
minutes  later.  That  is,  we  need  to  know  the  relationship  bet¬ 
ween  the  error  differences  at  two  minute  intervals  to  the  rms 
deviation  from  the  mean  error  for  a  given  run.  This  relation¬ 
ship  is:  _ 

dr  =  Sr  (Eq.  13) 

where  dr  =  rms  error  difference  between  data  points  taken 
2  minutes  apart 

Sr  =  rms  deviation  from  the  mean  error 

C  =  the  autocorrelation  coefficient  for  a  time  delay 
of  2  minutes. 

If  the  error  at  a  given  point  is  unrelated  to  the  error  two  min¬ 
utes  later  C  will  be  equal  to  zero  and 
dr  =  1.414  Sr 

In  general  KC^O  (see  Fig.  8).  If  it  is  desired  to  find  the 
maximum  error  based  on  Eq.  12  it  is  wise  to  use  dr  -  1.  41 
Sr,  and  use  the  maximum  values  of  the  parameters  of  slant 
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range  and  trigonometric  functions  of  the  angles.  In  this  con¬ 
nection  we  note  that  if  the  slant  range  increases  linearly  with 

V^max 

time,  the  mean  value  of  r^  is  — ^ -  which  is  the  best  value 

to  use  if  this  assumption  is  valid.  See  Fig.  9  for  a  comparison 
of  this  method  with  the  results  obtained  by  the  detailed  point- 
to-point  method. 


3.  0  Results 


This  section  will  present  graphically  the  various  errors 
which  have  been  derived.  Generally,  the  errors  can  be  split 
into  two  distinct  categories: 

a)  those  errors  which  can  be  thought  of  as  actual  equip¬ 
ment  errors,  such  as  the  elevation  angle,  azimuth 
angle  and  slant  range  errors,  and 
3)  those  errors  which  are  a  result  of  equipment  errors, 
i.  e.  ,  the  actual  wind  vector  errors. 

The  equipment  errors  are  presented  in  terms  of  both  mean 
errors  and  the  rms  deviation  from  the  mean  error.  The  wind 
errors  are  presented  as  rms  errors,  since  a  mean  wind  error 
is  of  no  significance. 

Each  test  is  summarized  in  tabular  form.  Tables  1 
through  4,  from  MITS  4,  5,  7  and  8,  inclusive.  The  data  from 
each  table  is  also  presented  graphically.  Where  a  limit  of 
error  can  be  established  from  existing  equipment  specifications, 
this  is  entered  as  a  dotted  line.  In  the  case  of  angular  errors 
this  limit  is  entered  as  .05  degrees.  The  slant  range  error  limit 
is  set  at  20  yards  or  0.  1%  of  range. 

All  errors  are  presented  as  a  function  of  slant  range, 
with  the  number  of  data  points  representing  a  20,000  foot  incre¬ 
ment  indicated  in  the  respective  table  for  the  test. 

The  data  is  presented  graphically  in  order  to  depict 
the  general  trend  of  the  errors.  It  is  to  be  pointed  out,  how¬ 
ever,  that  each  data  point  represents  an  average  error  value 
for  the  particular  range  increment,  and  there  is  no  geometric 
basis  for  connecting  the  data  points. 
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INUTES) 


4.  0  Conclusion 


4.  1  General  Connments. 

Some  ot  the  general  conclusions  have  been  presented  pre¬ 
viously  in  Section  1.  Z.Z.  Briefly  restated,  the  errors  pre¬ 
sented  in  this  report  reflect  the  performance  of  but  a  single 
production  model,  GMD-2,  operated  by  skilled  technicians, 
under  very  mild  wind  profiles,  at  limited  slant  range  and  con¬ 
venient  elevation  angles.  The  four  tests  analyzed  do  not  re¬ 
present  a  complete  statistical  average  of  the  GMD-2  performing 
under  variable,  operational  conditions.  The  errors  do  repre¬ 
sent,  however,  the  magnitude  of  the  various  errors  of  the  GMD-2, 
when  properly  adjusted  and  operated  under  typically  ideal  con¬ 
ditions,  as  determined  from  a  carefully  controlled  and  properly 
instrumented  field  evaluation. 

4,  1.  1  Mean  Azimuth  Angle  Errors.  The  mean  azimuth 
errors  for  the  four  tests  indicate  rather  conclu¬ 
sively  that  a  misalignment  error  of  approximately 
(-)O.  10*  existed.  This  may  have  been  due  to  an  error 
in  setting  up  the  equipment,  or,  more  probably,  due 
to  an  unnoticed  movement  of  the  system  after  bore¬ 
sighting.  In  any  case,  this  mean  error  does  not 
attribute  a  significant  error  to  the  wind  determining 
capabilities  of  the  GMD-2. 

4.  1.  2  RMS  Deviation  from  the  Mean  Ahimuth  Angle  Errors 
The  rms  deviation  from  the  mean  azimuth  errors 
generally  are  greatest  at  or  near  the  start  of  the 
flight,  as  would  be  expected.  There  is  no  particular 
correlation  in  the  data  presented,  however,  the  trend 
of  the  data  indicate  that  the  rms  for  the  entire  test 
is  slightly  beyond  the  specification  limit  of  .  05”. 
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4.  1.  3  Mean  Elevation  Angle  Errors.  The  mean  eleva¬ 
tion  angle  errors,  indicate  rather  conclusively 
that  a  system  alignment  error  of  approximately 
-t-0.  13*  existed.  Although  this  affects  the  altitude 
data,  it  does  not  affect  the  rms  wind  vector  error. 

4.  1.4  RMS  Deviations  from  Mean  Elevation  Angle  Errors. 

Except  for  MITS-5,  the  rms  deviation  from  the  mean 
elevation  angle  errors,  Sg,  are  well  within  the  .05* 
specification  limit,  with  MITS-4,  7,  and  8  averaging 
.  036*.  The  rms  data  for  MITS-5  was  outside  of  the 
graph,  at  0.  197*.  All  phases  of  the  data  reduction 
for  MITS-5  were  carefully  scrutinized  in  an  attempt 
to  account  for  the  large  errors  existing  in  the  120,  000 
to  140,000  feet  range  increment,  however,  the  error 
could  not  be  attributed  to  an  analysis  error  and  con¬ 
sequently  must  be  taken  as  a  legitimate,  large  error. 
An  entry  had  been  made  on  the  raw  data  to  the  effect 
that  the  AMT-9  sonde  used  on  the  test  was  apparently 
troublesome  after  the  25th  minute  of  flight,  with  the 
signal-to -noise  ratio  being  poor  for  the  remainder 
of  the  test.  This  accounted  for  a  6,  000  foot  shift  in 
the  slant  range  at  the  62nd  minute,  due  to  complete 
loss  of  signal.  This  error,  however,  even  when 
corrected,  does  not  account  for  the  large  mean  error 
for  the  test. 

4.  1.  5  Mean  Slant  Range  Errors.  For  the  four  tests  analy¬ 
zed,  the  mean  slant  range  errors  taken  for  each  test 
in  its  entirety  are  remarkably  low,  although  there 
are  some  wide  excursions  outside  of  the  specification 
limits  at  various  points.  The  low  mean  error  for  the 
entire  test  is  due  to  the  reversal  of  the  error  toward 


26 


the  end  of  the  test.  The  large  error  at  the  60K  to 
80K  elant  range  in  MITS-8  could  not  be  traced  to 
a  source  other  than  the  instrument,  and  must  be 
considered  a  valid  error.  The  errors  start  low 
as  to  be  expected  and  tend  to  increase  with  range. 

4.  1.  6  RMS  Deviation  from  Mean  Slant  Range  Errors. 

The  errors  derived  indicate  that  GMD-2  was  not 
meeting  the  manufacturers  specification  of  60  feet 
or  0.  1%  of  range  for  all  tests  except  MITS-7,  which 
was  consistently  within  these  limits,  based  on 
equation  12  and  the  values  of  errors  for  azimuth 
angle  and  elevation  angle,  it  can  be  seen  that  the 
slant  range  errors  contribute  more  to  the  final 
wind  errors  than  the  other  two  factors. 

4.  1.  7  RMS  Wind  Vector  Errors.  A  major  objective  of 
this  analysis  has  been  to  obtain  the  rms  wind  vec¬ 
tor  errors  presented  in  Figure  7.  From  this  data, 
the  average  rms  wind  vector  error  for  the  four  tests 
is  0.  34  meters/sec. ,  or  approximately  0.  75  mph. 
This  is  acknowledged  to  be  a  very  low  error,  and 
can  be  attributed  to  the  care  with  which  the  equip¬ 
ment  was  operated,  in  combination  with  the  mild 
wind  profiles,  and  the  fact  that  the  maximum  slant 
range  was  in  the  order  of  140  thousand  feet.  The 
slant  range  error  increases  with  the  slant  range  and 
thus  tests  with  greater  ranges  would  have  shown 
larger  wind  errors. 

4.  2  Theoretical  RMS  Wind  Velocity  Error.  Through  the  use  of 
Equation  12  a  set  of  wind  velocity  errors  can  be  plotted  as  a 
function  of  elevation  angle  and  slant  range  for  a  given  set  of  as- 
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•umed  rms  errors.  This  computation  has  been  carried  out  and 
plotted  in  Figure  9.  for  elevation  angxes  from  zero  through  90*. 

In  this  calculation  the  specification  errors  were  assumed  to 
prevail  but  the  correlation  for  two  minute  time  delay  was  as¬ 
sumed  to  be  zero  in  order  to  indicate  the  maximum  error  for 
these  cases.  A  sample  calculation  is  shown  below. 

Assumed  Errors: 

.05*  RMS  elevation  angle  error 
.  05*  RMS  azimuth  angle  error 
60  feet  -1-0.  1%  slant  range  error 
Parameters: 

Range:  180,000  feet 

Elevation  Angle:  22.  5* 

Correlation  Coefficient:  0 

Then, 

dr  =  (60  -t-  180)  Jz  from  Eq.  13 

dr  =  240^7  =  340  feet 
de  =  .05-j^^  =  12.35  lO"'^  radians 
da  =  de  =  12.  35  10*^  radians 

dv=  2.54x10-3^(340)2  .  85  (12.  35xl04)2(  1.  8xl05)2(Sin2E-l-Co82E) 

2  X  1.8  X  103  X  340  X  12.  34  x  10-^ 
dv  =  2.  54x10-^  + 

dv  =  2.  54x10-3  X  4.  47  x  102  =  i,  13  meters  per  sec. 

The  line  representing  the  maximum  errors  (elevation  of  22.  5*) 
of  Figure  9  is  plotted  on  Figure  7  as  the  dashed  line  marked  A. 

To  show  a  better  approximation  line  B  is  also  shown.  This  line 
is  the  same  as  line  A  but  in  this  case  a  correlation  coefficient 
of  0.4  was  used  instead  of  0.  The  correlation  coefficient  was 
taken  from  Figure  8  at  a  time  delay  of  two  minutes. 

In  as  much  as  the  curve  B  appears  to  show  a  fair  correla¬ 
tion  to  the  measured  velocity  errors  one  can  extrapolate  that 
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curve  to  estimate  errors  at  larger  ranges.  In  this  manner  we 
find  a  maximum  rms  error  3.  15  meters  per  second  at  the  max> 
imum  slant  range  of  750,000  feet.  It  must  be  cautioned  that 
these  values  are  statistical  rms  values  and  since  these  errors 
appear  nearly  normally  distributed,  any  individual  error  can  be 
larger  than  the  rms  value.  However,  the  probability  is  near 
unity  that  any  individual  error  will  be  within  three  times  the  rms 
value. 

4.  3  Comparison  of  Results  with  Previous  Studies.  The  values 
determined  in  this  analysis  for  the  rms  deviation  from  the  mean 
elevation  angle  errors,  and  the  rms  deviation  from  the  mean 
slant  range  errors,  have  been  compared  to  errors  derived  from 
similar  tests  conducted  by  the  U.  S.  Weather  Bureau  for  the 
Upper-Wind  Test  Project  (1958),  (Reference  3).  In  the  USWB 
Project,  the  GMO-2  data  was  compared  to  data  obtained  from 
a  Decca  Windtracking  Radar,  and  a  David  White  Theodolite. 
Although  both  the  D.  W.  Theodolite  and  the  Decca  Radar  are 
systems  of  lesser  tracking  capability  than  the  Askania  Photo¬ 
theodolite  employed  in  the  Sandia  study,  it  is  interesting  to 
note  that  the  Weather  Bureau  data  and  the  Sandia  data  correlate 
well,  for  the  types  of  wind  profiles  measured. 
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5.  0  Reconinnendationf.  The  recommendation*  to  be  offered 


are  based  on  the  assumption  that  the  AN/GMD-2  Rawin  Set, 
since  it  is  an  operational  instrument,  will  continue  to  be  field 
tested  and  improved.  The  recommendations  therefore,  may  be 
considered  guidelines  for  future  test  programs. 

5.  1  Data  Collection  and  Processing.  A  significant  number  of 
data  analysis  errors  were  uncovered  in  the  Sandia  Report,  most 
of  these  being  traceable  to  transcription  errors,  and  failure  to 
correlate  the  field  notations  in  the  raw  data  with  the  data  reduc¬ 
tion  process.  It  would  appear  that  most  of  these  errors,  since 
they  are  large  and  readily  noticeable  to  one  familiar  with  both 
the  field  test  and  the  expected  results,  could  be  eliminated  by 
employing  an  individual  who  could  remain  associated  with  the 
day-to-day  details  of  the  test  program,  for  the  entire  duration 
of  the  program.  In  essence,  this  individual  would  serve  as  a 
so-called  "clerk- of-the -works"  whose  intimate  association  with 
the  project  would  permit  him  to  detect  gross  errors  as  they  oc- 
cured,  and  reorient  the  data  analysis  as  required.  This  is  not 
to  imply  that  the  individual  would  attempt  to  eliminate  legitimate 
errors  in  the  instrumentation  system.  Unfortunately  the  chore 
of  scrutinizing  large  amounts  of  GMD-2  data  is  a  most  tedious 
and  unglamorous  one.  However,  if  a  true  picture  of  the  instru¬ 
mental  errors  is  to  be  obtained,  gross  human  errors  in  the 
data  analysis  must  be  eliminated. 

5.  2  Design  of  Tests.  The  data  obtained  from  closely  control¬ 
led  field  tests,  such  as  those  conducted  by  Sandia,  are  the  only 
means  of  obtaining  the  true  errors  for  the  various  equipment 
parameters,  and  for  the  wind  errors  in  particular.  Although 
plans  for  additional  field  tests  are  underway,  in  which  a  high 
resolution  FPS-16  Radar  Set  will  be  the  standard,  care  must 
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be  given  in  designing  these  tests  to  produce  the  most  usable 
amount  of  data  for  the  least  amount  of  testing.  For  example, 
the  data  obtained  in  the  Sandia  MITS  Program  is  of  one  general 
type,  not  reflecting  behavior  of  the  GMD-2  at  low  elevation 
angles  (below  20”)  or  at  slant  ranges  beyond  140,000  feet.  It 
is  recommended  that  future  tests  be  designed  to  include  ele¬ 
vation  angles  below  20*,  and  slant  ranges  to  750,000  feet,  since 
these  conditions  are  typical  and  are  those  in  which  the  perfor¬ 
mance  of  the  GMD-2  begins  to  degrade.  In  addition,  it  is  re¬ 
commended  that  additional  tests,  if  they  are  to  reflect  any  of 
the  variability  in  the  production  units  of  the  GMD-2,  include 
data  obtained  from  more  than  one  Rawin  Set  of  the  GMD-2  type. 

5.  3  Data  Formats.  Many  of  the  errors  in  the  data  were  attri¬ 
buted  to  transcription  errors,  introduced  in  certain  instanced 
by  the  transfer  of  data  from  one  format  to  another,  for  reasons 
of  computation  and  reproduction.  As  a  result,  the  end  data 
are  of  a  discontinuous  format,  prone  to  errors,  and  in  some 
instances  difficult  to  work  with.  It  in  recommended  that  in 
future  programs,  each  step  in  the  required  analysis  procedure 
be  worked  out  in  advance,  with  an  effort  toward  eliminating 
needless  transcriptions,  and  providing  a  uniform  format  for  all 
results. 
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6.0  Reference* 


1.  Salton  Sea  Meteorological  Test  Series,  Sandia  Corpor¬ 
ation,  Albuquerque,  New  Mexico,  1961.  Available  from 
the  Office  of  Technical  Services,  Department  of  Com¬ 
merce,  Washington  25,  D.  C.  (Price  $2.  75) 

2.  Handbook  of  Meteorological  Instruments,  Part  II.  Pub¬ 
lished  by  Her  Majesty's  Stationery  Office,  London. 

3.  Report  on  Upper-Wind  Test  Project,  Washington,  D.  C. 
1958.  (Prepared  by  U.  S.  Weather  Bureau. ) 
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APPENDIX 


SANDIA  REPORT  ERRATA 


The  following  transcriptional  and  arithmetic  errors  were 
uncovered  in  the  Sandia  Report  during  the  analysis  carried 
out  under  this  contract: 


Test  Number  Minute 

MITS-8  35 


MITS-5 


62 

through 

67 


MITS-7  47 


MITS-8  32 

34 


Error  and  Correction 

GMD-2  Elevation  Angle  is 
recorded  in  Sandia  Report 
as  31.99*.  Correct  value 
is  30.99*. 

GMD-2  Slant  range  values 
are  6,000  feet  too  short. 
Add  6,  000  feet  to  all  range 
data. 

GMD-2  Azimuth  Angle  is 
recorded  in  Sandia  Report 
as  81.27.  Correct  value 
is  80.97°. 

Slant  range  is  recorded  in 
Sandia  Report  as  67035  ft. 
Correct  value  is  67800  ft. 

Same,  73,485  should  be 
corrected  to  73,  785  feet. 


I 

I 

E 


E 

[ 

I 

I 

I 

I 

I 

[ 

[ 

E 

[ 

i: 


I 


i 

I 


1 

i 

i 


r' 


■“I 


Q 

bi 

& 


0 

s  z  I 

oi  <  S 


U  >0 

ijy 

«  —  sO 

0  tK  2 
O  <  ~ 


< 

4 

U 

z 

D 


2 

J!9  t 

-  <4  U 
•r  ^  T) 

it  z 

flS  <  > 


U  'A 


§  fc.  2 


o  < 


J)  AJ 
-- 


■ss; 


5 

£  , 
O  ' 


CO 

«  Q 
O  rs 
tt  c 
« 

U) 


a  A 


V  S 

4f“> 

1 1  j 

?  =  s 


•  z  i  i-‘  2 
«  ft  *  a  S 
S  0.'  o  ; 
.  a.  S 
Q  w  0 

■i'P 


.  <M 


4  c 

U  lo 


« z 
z  < 


c  5 

V 

E  2 
2  ? 


^  c 
.  c 

T5  X  V 

4,  «  ^ 

Ci  ^  <fl  "O 


QC  "2  . 

o  c 


*»  ^ 
X  c 


iu  cS  £ 


^  £  vZ  c 

.£  «  o  ;::  3 

I,  -  «  !S  ** 

‘  «  'C 

:  it  *> 


,  ”0 

U  c  . 

“  j  o  - 

(A  h  «.  ■ 

«  c  3  i, 

*  t  o  O 


°  -o  ^ 

5  s  • 

5  C  ii  • 

c  4' 

C  T)  A 

c 

2  §  S 

4,  O  « 


fl»  I, 


i;  CO 

!l 

X  ^ 
^  V 

O  u 

*  i)i 


«•  t:  o 

-T- 

a  t  w 


T)  5 

£  5 


^  JZ 

5 :  j  = 

TJ  r  ^  £ 

S  -  I  S' 

9,  ^  u  ^ 

«  2  X  - 

•  ^  Sf-fi 


X  «  ^  ^ 

'  i  9.t  ^ 


i  C 


Z  ^ 

(>4  M 


>  -  2  C 

i!  2  C  o  ' 
«  O  U  5 


CO 


it  5  » 


i«Sa 

b  ^  5  S 

J  3  S  o 
E  *  S  , 

4  O  4)  Z 

o  S  z  < 


c  .5  w 


7  E  £ 


*•  <  c 

■o  J3  3 


i  ^  -S  S  *1  >.  '5  3 


•X  s!? 

C  C  «  , 

2  .S  Si5 
J5 
E 


S  ? 

•I  T, 

■1'i 

M  ^ 


G.  j  <fl 


Qtl  U 

a  0) 

'2  C 

o  *» 

3  efi 

T3  -I  - 

si 


3  4>  t*  2  '5 


■S  00  7 

X  i«  ^ 
9  O.  «4 
<•  -,  O 


£3!  ' 
o  ”  i 

.  -v*  C 

■’So 
0-2:''. 
TJ  *2  • 
Chi: 
••ax 

'!  ^  c 

■  s « 

s 

QUO 

>.«  '5 

■“  j  * 

II 

h«  M 


>‘  c 


5  e  “ 

e  *^1 


'  t®  •  rt 

^  t)  c 
*  **  ■? 

2  X  £  ' 


,  ^*  4* 

I  i  -S  * 
'■^  S-s 


2 

4 

iX 

c  " 

2  3) 


S  JS  » 

S  ?  * 


^  t>  « 

O  'C  " 

2  J!  f 


£  o 

3  - 

E  J 

S  Jf 

■3  .= 

s  * 

*  m 

c  b; 

2  M 


5  •  S  0  2  S  -fi 

;  I  S  -o  o  s  «  « 

m£  »  O  ^"D  <1 

* « s  I » 1 

■®  ^  P  »  »•  St  "* 

t)  ^  P  •<  I*  X  a 

ts  ®  i:  -S  3  **  £ 


S  2  -  X 

“•  s  2  jS  iJ 
:;2 
«•  lS 


:  .5 


X  O 
u  00  'O 

V  a 


H  5 


a  a  A 

■o  >  S 

9  a  S 
y  X  O 


^  2 
U  0 

U  2 


G  0 


CUT' 

«  <•  ** 

£  E  0 


P- 


“1 


J  •  ® 

I  9  -8 

«<  Z 

OS  <  > 


u  X 


C  ,  nn 

U  <  - 


y  X 
!? 

3  “  'X 

C  .  an 
0  Ut  5 

D  <  - 


35- 

CO 
«  I 
O  . 
06 
(6 
U 

a  Q  ' 

„  SS; 

•"SS, 

.  Al 


X  Q 

111'’ 
3  o  a  Z 
U  Z  < 


£  5 


3  k.  «i  ^ 

—•  a  S  tJ 


o  <«  “O  — 

•i  c  — 


a  E 
00  u 

"O  —  'M 


D  ”2  -S  *- 


y  o  c  00 


c  -o 

<  5: 


i  X  £  • 


£  c 


'  JU  a  “*  £ 


X  —  c 


5  X 
#  " 


!  H  i«  X  o 

'  S  2.  3  '*- 

[  £  a  t  *r 

la  C  'S  j( 

a  a  a 

C 

I 

_  a 
0  e 

~  0  5  “■ 

a  h  .3  fM  ■ 


M  o 
a  .£ 


2 

a.  »X 


2cXf  5 


aS; 
a  £ 


a  ^ 

O  ^ 


X  0  S 
(m  t*  7! 


•S'? 


a  A  w 

"33 

O  X  B 

**  a  a 
V  a  X 
a  *  3 
E  o  E 


_ I 


